Wollaston prism located at the set-up output. The simultaneous treatment of the two spectra allows an enhancement of accuracy for real-time measurements through reduction of the effects caused by random noise and systematic errors. Moreover, it gives insight into the non-uniform spectral response of the medium under study. Experimental results support the feasibility of the proposed technique.
decades. Most of them make fast measurements (~ s) of the polarimetric response of a sample under study [4] [5] [6] . However, a temporal monitoring of a Mueller matrix, [M(t)], at different time scales thanks to ultrafast measurements (< ms) would widen the scope of Mueller polarimetry.
Encoding the polarization states with the wavelength so as to carry out polarimetric measurements with an acquisition time that only depends on the detection system aperture was proposed in [7, 8] . A Snapshot Mueller Matrix Polarimeter (SMMP) by wavelength polarization coding was recently developed within our laboratory [9, 10] . This instrument makes instantaneous measurements of the polarimetric response of a sample. Evidence of the experimental feasibility of the technique was provided in [9] , and the specific systematic errors liable to appear with this new kind of polarimeter were highlighted in [10] . However, the quality of measurement with an SMMP can be impaired by random noise, systematic errors associated to the retarder plates and possible interference effects due to multiple reflections by the medium under study. This paper describes a set-up derived from an SMMP and named two-channel-SMMP. The improvements generated by the new configuration are studied through: i) a reduction of the impact by random noise or systematic errors and ii) a correction of the nonuniform response by the sample (interference effects) in absorbing and non-absorbing media.
These improvements are highlighted by experimental results. Figure 1 presents this new set-up derived from the single-channel-SMMP described in [9] . The light is issued from a spectrally broadband illumination system, and its polarization is encoded by an input linear polarizer and two birefringent wave-plates of thickness, e. After interaction with the medium, the polarized-light is decoded with two birefringent wave-plates of thickness, 5e, and an output Wollaston prism. The only difference with the single-channelhal-00461682, version 1 -5 Mar 2010 SMMP described in [9] is the use of a Wollaston prism instead of an output linear polarizer.
2-Presentation of the device
Thus, the two output channels, which are spatially separated and orthogonally polarized, are focused on two optical fibers linked to a spectrometer (grating and CCD array). Two intensity spectra, denoted by ( ) 
where the symbol T represents the transpose operator of a column vector. In the first-order approximation, the retardation of a linear birefringent wave-plate (birefringence, ∆n, and thickness, e), can be expressed as f = f 0 + f 0 λ, where f 0 is the first-order retardation:
f 0 = (2p∆ne)/λ 0 , and f 0 is the fundamental frequency associated to the reference thickness (e). 
3-Random noise
As the Mueller matrix reconstruction is performed in the Fourier domain, the magnitudes of the Fourier peaks in the real part and those in the imaginary part are, respectively, g
and h // n (h 
-Systematic errors

A -Influence of the plates
The calibration of an SMMP was described in [10] , in the case where the thickness of the first plate, e, is used as reference. It showed that the quantification of the window phase, f w , and those of the thickness errors on the other plates, e 2 , e 3 and e 4 , with respect to the ideal configuration (e,e,5e,5e) are a must. These values are determined through measurements of two known media: for example, vacuum (when the sample is missing) and either a linear polarizer, or a half-wave retardation plate. One should be aware that, in experiments, inaccuracies in the determination of the values of f w , e 2 , e 3 and e 4 are unavoidable and lead to absolute errors denoted here as ∆f w , ∆e 2 , ∆e 3 and ∆e 4 . Furthermore, the wave-plates in the set-up are ideally aligned in the configuration (45°,0°,0°,45°) depicted in Fig.1 . Therefore, the absolute errors SMMP and the two-channel-SMMP. It clearly shows a reduction of the impact by systematic errors with the latter. It is also worth noting that the two-channel-SMMP allows an overdetermination of the system with no additional source of systematic errors, e.g. another waveplate or a polarizer. Concerning the influence of the Wollaston prism, spatial filtering should guarantee to be in the angle tolerance of the element, and one can reasonably expect that, with a 10-nm broadband source used here, the system will be unaffected by the Wollaston-induced changes on the beam angle.
These promising results with the two-channel-SMMP simulations drove us to make measurements in order to assess the level of upgrade with this device. The experimental set-up was very similar to the above-described one, except that the Wollaston prism was replaced with an output linear polarizer (alike the one in the single-channel-SMMP device) set at first at 0°, and then at 90°. Moreover, a multimodal optical fiber was used to enter the detection system; however, its use with a coherent beam generates some interference between spatial modes, which depend on the injection angle, and are responsible for modulations in the shape of the spectrum, s(λ). In order to avoid coherence effects and be certain that s(λ) is alike for // ( ) I λ and ( ) I λ ⊥ signals, the medium under study was imaged on a rotating depolarizing medium, in turn imaged on the fiber entrance. Moreover, the reconstruction of the Mueller matrix, normalized by m 00 , involves a step of normalization of Eqs. (3) and (4) by a given reference. Consequently, differences in coupling efficiency between the fibers do not occur. Table 1 gives experimental
Mueller matrices relative to the single-channel-SMMP and the two-channel-SMMP with their associated physical parameters (calculated from a Lu and Chipman decomposition [12] ) for a commercial quarter-wave plate oriented at 120° as a test medium. The experiment was driven with 10µs acquisition time exposure and 100 accumulations so as to reduce random noise.
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Therefore, only systematic errors remain in the results. Table1 shows that the measurements made with the two-channel-SMMP are more precise than those by the single-channel-SMMP.
Indeed, the improvement is particularly identifiable on the values of P D and D, which are closer to the ideal ones in the case of the two-channel-SMMP. In both cases, the parameter R always stands in the acceptance values given by the manufacturer and the orientation of the fast axis α is in the error bar of the experimentation.
B -Influence of the source and the medium under study
With the two-channel SMMP, an additional source of concern is about s(λ) measurement.
Indeed, in a classical Mueller polarimeter, the polarization states are sequentially generated, which means that intensity variations with time have to be taken into account. On the other hand, with a snapshot polarimeter, the polarization states are generated simultaneously owing to wavelength coding, and thus the intensity variations with wavelength have to be considered. The signal, s(λ), has two origins: the shape of the source spectrum and the non-uniform spectral response of the medium under study (produced, for example, by multiple reflection-generated interferences). One should also note that both take place at the same time. The knowledge of the 
The sum of the four intensities, 
5-Conclusion
This study demonstrated the benefits of the proposed upgrade of a single-channel-SMMP. It, indeed, led to a noticeable reduction of the effects generated by both random noise and the systematic errors associated to inaccuracies on thicknesses and alignments of the retarder plates.
Moreover, the use of this dual-measurement technique leads to an over-determined system, with no additional systematic errors. Furthermore, the dual-beam technique allows one to correct the effects by s(λ) (issued from the source spectrum and interference generated by the medium under study). This correction can be made instantaneously for a non-absorbing medium. In the case of an absorbing medium with no evolution of s(λ) over the experiment, a pre-calibration step is needed before performing snapshot measurements. Our experiments showed that the twochannel-SMMP proved to be more precise than a single-channel-SMMP. hal-00461682, version 1 -5 Mar 2010 
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